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A BRIEF SIJMMARY OF WORK AS OF SPRING, 1967 
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Pa lo  Al to ,  C a l i f o r n i a  

The work of t h i s  l a b o r a t o r y  i s  centered  upon unders tanding  n e u r a l  mech- 

anisms media t ing  human performance and pe rcep t ion ,  as s tud ied  by e l ec t rophys io -  
- -  ~ ~ 
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- _ -  ____ 
l o g i c  techniques .  E a r l i e r  work d e a l t  w i th  the r e l a t i o n s h i p  between spontaneous 

EEG rhythms (both  p re - s t imu lus  f e a t u r e s  and r e a c t i v i t y )  and moment-to-moment 

f l u c t u a t i o n s  i n  v i g i l a n c e  and speed of simple response t o  v i s u a l  s t i m u l i  (RT) 

(1-6).  Automatic r ecogn i t ion  techniques  employing t h e  L I N C  computer have been 

developed f o r  some of t he  EEG parameters  of i n t e r e s t ,  i nc lud ing  pe r iod  and ampli-  

tude a n a l y s e s  ( 7 ) .  

The c o r r e l a t i o n  between s i m p l e  r e a c t i o n  t i m e  and the  averaged evoked 

p o t e n t i a l  h a s  been e s t a b l i s h e d  (8) .  Some experiments  done c o l l a b o r a t i v e l y  with 

Frank Morrel l  and John S .  Rarlow ( t h e  l a t t e r  on a working v i s i t  t o  our  l abora -  
w 

t o ry )  concerned such i s s u e s  as  the  s u c e p t i b i l i t y  t o  cond i t ion ing  of evoked poten-  

t i a l s ,  and the  e f f e c t s  of d i f f e r e n t  s e t s  t o  respond and d i r e c t i o n  of  a t t e n t i o n  

( 9 ,  10) .  A v a r i e t y  of evoked p o t e n t i a l  s t u d i e s  wi th  polysensory s t i m u l i ,  based 

upon the  cond i t ion ing  paradigm have been done (one s e r i e s  i n  c o l l a b o r a t i o n  with 

E .  Roy J o h n ) ( 7 ) .  Various ex tens ions  of evoked p o t e n t i a l  a n a l y s i s  have been 

employed in s t u d i e s  of p a t i e n t s  wi th  f o c a l  c o r t i c a l  l e s i o n s  (7 ,  11, 1 2 ) .  



or  n t (1 I- y t c c 11 t i  i.q 11 F s ai 1 d c omp 11 t e r p r o g r  nm s . 
I i i  1 1 1 ~ .  l a s t  y e a r ,  i n v e s t i g a t i o n  has  cen te red  on temporal parnmrters  of 

sensory i n t e r a c t i o n  a s  s tud ied  s imultaneously by behav io ra l  mid c lec t rog rap l i i c  

means (13,  14 ) .  This  work has  been motivated by two l i n e s  of i nqu i ry  which f o r  

the  most p a r t  have n o t  been r e l a t e d  t o  each o the r :  
/ 

( 1  ) Various s t u d i e s  i n  exper imenta l  psychology showing t h a t  polysensory s t i m u l i  

modify behavior  and pe rcep t ion  wi th  r e s p e c t  t o  a s i g n a l  i n  a g iven  sense mode 
. .  

(15-17);  ( 2 )  Newer e l e c t r o p h y s i o l o g i c a l  s t u d i e s  inc lud ing  both t h e  b e a u t i f u l  

obse rva t ions  of polysensory convergence a t  s i n g l e  neurons (with e x q u i s i t e  encod- 

ing  p o s s i h i l i t i e s  i n  the  unique temporal p a t t e r n s  of c e l l  response)  and the  u n i t  

and tvcilted p o L r n C i n l  ' d emons t r a t ions  of polysensory f a c i l i t a t i o n  alid i n h i 6 i t i o n  

- 

( I n - 2 3 ) .  Scvera l  s e r i e s  of experiments  a r e  now complete,  which a r e  s imi la r  i n  

f o r m a c  t o  t l ia t  r epor t ed  by Melson (17) .  We found t h a t  an a u d i t o r y  s t imu lus  corn- 

ing  a f t e r  a v i s u a l  s t imu lus  t o  respond has  a f a c i l i t a t i n g  e f f e c t  upon v i s u a l  RT, 

an effect .  wliich I ends t o  decrement l i n e a r l y  wi th  i n t e r s t i m u l u s  i n t e r v a l ,  The 

range i n v e s t i g a t e d  was 20-120 msec. One s e r i e s  involved a random p r e s e n t a t i o n  

of f l a s h - c l i c k  p a i r s  a t  v a r i o u s  i n t e r s t i m u l u s  i n t e r v a l s  and o c c a s i o n a l l y  f l a s h  

/- 

_ _  

a lone  (a  v a r i a n t  of the a - r e a c t i o n  s i n c e  every t r i a l  conta ined  the  "go" v i s u a l  

s i g n a l ) .  Another used choice  RT of t he  c l a s s i c  c - r e a c t i o n  type ;  o c c a s i o n a l l y  

c l i c k  a lone  i s  p re sen ted  and response i s  to  be withheld.  The a d d i t i o n  of choice 

l ed  t o  e s s e n t i a l l y  similar r e s u l t s ,  i n  f a c t ,  even more c o n s i s t e n t .  

P a r a l l e l  enhancement of evoked p o t e n t i a l  (EP) ampl i tudes  (and r educ t ions  

i n  l a t ency)  were noted as a func t ion  of i n t e r s t i m u l u s  i n t e r v a l .  The EP e f f e c t s  
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wtrt most corisi s l f i i t l y  observed i n  t r ansve r se  b i -po la r  a r r a y s  r a t h e r  than a n t e r -  

i o r - p o s t c r i o r  a r r a y s ,  and f o r  l e f t  motor co r t ex  more than r i g h t  homotopic motor 

l e n d s .  ( A l l  s u b j e c t s  were r ight-handed and a l l  responded wi th  t h e  r i g h t  hand.) 

Tn o rde r  t o  c l a r i f y  t h e  manner i n  which t h e  polysensory evoked p o t e n t i a l  w a s  

d e r i v e d ,  two-way l i n e a r  r e g r e s s i o n  a n a l y s i s  w a s  app l i ed  t o  the  e l e c t r o g r a p h i c  

d a t a .  The method invo lves  a n a l y s i s  ( r e i t e r a t e d  f o r  each polysensory average 

f o r  a l l  e l e c t r o d e  d e r i v a t i o n s )  of t h r e e  waves obta ined  from the  s u b j e c t  i n  the  

course  of t he  randomized p r e s e n t a t i o n  s e r i e s  of a given experiment:  EP t o  f l a s h  

when p resen ted  a lone ,  EP t o  c l i c k  when presented  a lone ,  and the  compound EP t o  a 

f l a s h - c l i c k  p a i r  a t  a p a r t i c u l a r  i n t e r s t i m u l u s  i n t e r v a l .  Using l ea s t  squares  

methods, w e  so lve  f o r  the  c o - e f f i c i e n t s  t o  be app l i ed  t o  the  f l a s h  evoked wave 

and the  c l i c k  evoked wave i n  o r d e r  t o  b e s t  approximate the  obta ined  compound 

wave by a l i n e a r  model. ( i . e . ,  (x) l i g h t  + (y) c l i c k  = obta ined  compound wave; 

a p p r o p r i a t e  t ime d isp lacements  are made f o r  each a n a l y s i s . )  Some of t he  f i n d i n g s  

t o  d a t e  are:  (1) A l i n e a r  model accounts  f o r  s u b s t a n t i a l  p o r t i o n s  of  t he  v a r i -  

ance of t h e  compound evoked p o t e n t i a l .  Values range between 50-95% depending 

upon such f a c t o r s  as  e l e c t r o d e  placement,  i n t e r s t i m u l u s  i n t e r v a l ,  and t h e  com- 

ponents  inc luded  i n  the  a n a l y s i s .  ( 2 )  L i n e a r i t y  i s  more c h a r a c t e r i s t i c  of those  

c o r t i c a l  r eco rd ing  f i e l d s  i n  which t h e  most sys t ema t i c  ampli tude e f f e c t s  were 

noted ( e s p e c i a l l y  c o n t r a l a t e r a l  motor co r t ex ) .  (3) L i n e a r i t y  i s  a l s o  more char -  

a c t e r i s t i c  of the s h o r t e r  i n t e r s t i m u l u s  i n t e r v a l s .  ( 4 )  Simple summation does  

- n o t  appear  t o  c h a r a c t e r i z e  t h e  polysensory wave form i n  t h e  g r e a t  m a j o r i t y  of  

ca ses .  The r e g r e s s i o n  c o - e f f i c i e n t s  f o r  both l i g h t  and c l i c k  (x and y) most 

o f t e n  d i f f e r  s i g n i f i c a n t l y  from 1.0. These f i n d i n g s  a r e  thus  a t  cons ide rab le  

odds wi th  Grey Wal t e r ' s  concept  of idiodromic p r o j e c t i o n  t o  c o r t e x  of t he  d i f -  

f e r e n t  sensory  a f f e r e n t s  ( 2 4 ) ,  which he s t a t e d  would l ead  to  s i m p l e  summation 

i n  the  polysensory case .  

~ 



I t  w o i i l d  seem of  i n t e r e s t  t o  s tudy  the " r e f r a c t o r y  per iod" phenomena, 

c1rscril)ed by F r a i s s e  (25)  and r epor t ed  by Davis a t  Oxford (15) t o  hold f o r  the  

polysensory  c a s e ,  wi th  these  same methods. I n  those  s t u d i e s ,  t he  s u b j e c t  i s  

i n s t r u c t e d  t o  respond t o  the  second of two c l o s e l y  spaced s i g n a l s .  I f  the de- 

layed R T ' s  a r e  r e p l i c a t e d ,  then  a n a l y s i s  of t he  evoked p o t e n t i a l s  ought t o  

c l a r i f y  whether t hese  wave forms a r e  in t ima te ly  connected wi th  the  s i g n a l  pro-  

ces s ing .  However, I. D. John, an Aus t r a l i an ,  h a s  found f a c i l i t a t i v e  e f f e c t s  

i n s t e a d  of response de l ay  i n  the  " r e f r ac to ry"  model experiment (26) .  

Some p i l o t  s t u d i e s  on simultaneity-successivity judgments i n  the  b i -  
/-- - -  

sensory s i t u a t i o n  have a l so  been done i n  our l abora to ry .  The temporal charac-  

t e r j . s t i c s  o€  perce ived  s i m u l t a n e i t y  a r e  i n  agreement wi th  the  RT f a c i l i t a t i o n  

functl.on. We a r e  a l s o  c u r i o u s  about poss ib l e  b r i g h t n e s s  enhancement e f f e c t s  i n  

the  polysensory  s i t u a t i o n ;  t h e r e  have been a number of r e c e n t  r e p o r t s  wherein 

ex t raneous  v i s u a l  s t i m u l a t i o n  s h i f t e d  the  a u d i t o r y  g e n e r a l i z a t i o n  g r a d i e n t  (16). 

We have a l s o  been doing some p i l o t  work with me tacon t ra s t  and b lanking  phenomena 

i n  v i s i o n  and i n v e s t i g a t e d  the  e f fec l t s  of  using more than  two s t i m u l i  i n  c l o s e  

success ion .  From Robinson 's  n o t e  i n  Science (27), i t  seems t h a t  masking e f f e c t s  

can be "undone." We have seen the  same thing wi th  a p p r o p r i a t e  s t imu lus  para-  

meters .  Somewhere on the agenda i s  a study of t he  evoked p o t e n t i a l s  r e l a t e d  t o  

these  v a r i o u s  pe rcep tua l  phenomena, i n  s p i t e  of t h e  coo l ing  e f f e c t s  of S c h i l l e r  

and Chorover ' s  obse rva t ions  (28) .  

Even i n  the con tex t  of an experiment i n  which c l e a r - c u t  e f f e c t s  of st imu- 

l u s  parameters  a r e  t o  be found (as i n  t h e  sensory i n t e r a c t i o n  s t u d i e s ) ,  i t  seems 

f r u i t f u l  t o  understand the  f e a t u r e s  of i n t r a - i n d i v i d u a l  v a r i a b i l i t y .  

We are now fo l lowing  these  working hypotheses :  The evoked p o t e n t i a l  

waveshape, p a r t i c u l a r l y  as recorded from the c o n t r a l a t e r a l  motor c o r t e x  i n  a 
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s e ~ ~ i n g  i n  which motor response t imes a r e  measured, may be regarded a s  t h e  s t a t i s -  

t i c a l  d i s t r i b u t i o n  i n  time of the  degree of synchrony of t he  neu ra l  popula t ion  i n  

the  record ing  f i e l d  of the  e l e c t r o d e s .  The evoked p o t e n t i a l  may be a s s e s s i n g  

d e c i s i o n  and "readout" p rocesses  i n  a d d i t i o n  t o  sensory input .  We have observed 

t h a t  when the  EP astmnes a r e l a t i v e l y  l e p t o k u r t i c  shape, t he  a s soc ia t ed  d i s t r i h u -  

t i o n s  o f  RT's t o  t he  same s t i m u l i  on the  same t r i a l s  a s  those from which Erie aver -  

aged EF i s  based a r e  of low v a r i a b i l i t y  and o f t e n  sha rp ly  skewed. I f ,  f o r  a given 

i n p u t ,  an 'I M shaped l a t e  wave appears  i n  the EP, t he  d i s t r i b u t i o n  of a s s o c i a t e d  

R T ' s  t-cntls t o  have h ighe r  v a r i a b i l i t y  and t o  be somewhat bi-modal. Sub-averaging 

of  t r i a l s  a s s o c i a t e d  wi th  each p a r t  of such a d i s t r i b u t i o n  r e v e a l s  t h a t  the  aver-  

aged EP on the  f a s t e s t  RT t r ia l s  i s  single-peaked wi th  a r e l a t i v e l y  e a r l y  l a t e n c y ;  

t o r  t he  s lowes t  RT t r i a l s ,  a s i n g l e  peaked evoked p o t e n t i a l  of longer  l a t ency  

appears .  In i n s t a n c e s  of RT d i s t r i b u t i o n s  of g r e a t  v a r i a b i l i t y  and many modes, 

the EP waveshape i s  consonant (d ispersed  i n  t ime, f l a t t e n e d ,  with many low ampli-  

tude peaks) .  This  work i s  s t i l l  a c t i v e l y  i n  p rogres s ,  bu t  we a r e  e x c i t e d  about 

i t s  p o s s i b l e  imp l i ca t ions ,  I t  emerged from the  sensory  i n t e r a c t i o n  work. Look- 

ing  over  the  o l d e r  simple RT d a t a ,  it seems a good approximation. The l a t e n c i e s  

of these  c o r r e l a t e d  peaks i n  the  EP's f i t  very we l l  t he  pe r iod  j u s t  p r i o r  t o  

"decis ion" t o  respond,  about 100 m s  before  the  bu t ton  i s  pushed. 

work on pyramidal t r a c t  neurons seems consonant with t h i s  l i n e  of thought,  

E v a r t ' s  r e c e n t  

We 

p l a n  t o  cont inue  t o  explore  t h i s  a r e a  and l e a r n  more about t h e  o rgan iza t ion  of 

motor r e s p o n s e s , t o  s tudy EMG i n  t he  r e l evan t  ann, and a lso EP's a s s o c i a t e d  wi th  

vo lun ta ry  movements i n  the  absence of p a r t i c u l a r  "go" s i g n a l s .  

I n  summation: i t  appears  t h a t  the  complex evoked p o t e n t i a l  waveshaperecorded 

i n  response t o  a f f e r e n t  s t i m u l a t i o n  i n  the  performing s u b j e c t  may c o n t a i n  measures 
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of n e u r a l  a c t i v i t y  b o t h  r e l a t i v e l y  e a r l y  ( r ecogn i t ion  p rocesses )  and l a t e  (dec i -  

s i o n  p rocesses )  i n  informat ion  handl ing .  I t  seems u s e f u l  t o  t r y  t o  pursue the  
L 

a n a l y s i s  of t h e s e  e l e c t r i c a l  s i g n s  of in format ion  p rocess ing  by experiments  on 

two f r o n t s .  The pe rcep tua l  s t u d i e s  suggested above (e.g. ,  s i m u l t a n e i t y  judg- 

ments i n  t h e  polysensory  case )  should enable  d e l i n e a t i o n  of components l i nked  

t o  such f u n c t i o n s  as  temporal r e s o l u t i o n  of s t i m u l i ;  t he  f u r t h e r  s tudy  of r e l a -  

t i o n s h i p s  wi th  r e a c t i o n  t imes may i n d i c a t e  the topography and t ime course  of 

e l e c t r i c a l  a c t i v i t y  a s s o c i a t e d  wi th  d e c i s i o n  and motor processes .  

. .  

I 
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